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FAULT CLASSIFICATION IN A PLASMA 
PROCESS CHAMBER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of fault classi 

?cation in a plasma process chamber poWered by an RF 
source. 

2. Prior Art 
Many thin ?lm processes use plasma processes to facili 

tate the rapid and accurate fabrication of minute structures 
With desired properties. Plasma processes include the depo 
sition and etching of insulators, conductors and semicon 
ductors on a substrate, for example, a silicon Wafer. The 
plasma process usually involves placing the substrate in a 
vacuum chamber, introducing process gases and applying 
radio-frequency (RF) poWer, typically 0.1 to 200 MHZ, to 
create a plasma. The plasma consists of ions, electrons, 
radical gas species and neutral gas, all of Which permit the 
desired reaction to proceed. The plasma reaction has many 
inputs, including RF poWer, gas type and How rates, cham 
ber pressure, substrate and Wall temperatures, chamber Wall 
conditions, electrode spacing, and so on. 

Control of the complex plasma process is the key to 
improved manufacturing, i.e. to have accurate and repeat 
able processing the plasma itself should be repeatable. 

Unfortunately there are feW schemes in existence for 
direct plasma monitoring and control. It is more usual to 
monitor or control process inputs such as gas ?oW, poWer 
output from RF generator, chamber pressure or temperature, 
etc., using statistical process control charts. HoWever, since 
the plasma process depends directly on the plasma 
parameters, measuring these indirect variables is generally 
not suf?cient. 

In the ideal production scenario, the plasma chamber 
operates continually, only stopping for scheduled mainte 
nance. HoWever, because of the complexity of the process, 
faults do occur, resulting in unscheduled tool doWntime. To 
maximiZe productivity, these faults need to be repaired as 
rapidly as possible. Faults generally appear either as aborts 
on process set points or as out of control product metrology, 
Which includes fails in parameters such as etch rate on test 
Wafers as Well as device yield drops. 

Because of the dearth in tool control and monitoring, 
faults are often addressed using a cause and effect approach. 
For example, during production monitor checks it may be 
that there is an out-of-control etch-rate. The technician Will 
consider all inputs (causes) Which affect etch rate, including 
plasma poWer, pressure, gas ?oWs, cathode position and 
others. Generally there Will be feW clues as to Which has 
changed so all may have to be checked. This is costly in 
terms of labour and lost production time. Furthermore, the 
drive to return the process tool to production as rapidly as 
possible may involve unnecessary parts replacement, again 
incurring signi?cant cost. 

The RF poWered plasma represents a non-linear complex 
load in electrical terms. This results in the generation of 
harmonics of the RF driving signal. These harmonics, 
knoWn as Fourier components, are very sensitive to changes 
both in the plasma process and the process parameters. 

It is generally accepted that monitoring the Fourier com 
ponents of the RF poWer signal provides a useful Way to 
monitor the plasma process. These components are a more 
direct measurement of the plasma process since they are 
more directly related to fundamental plasma parameters. 
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2 
It is knoWn to use an RF sensor to monitor and control RF 

plasmas by measuring the Fourier components of voltage 
and current. The sensor can be used in closed or open loop 
control, as for example, in etch end-point control or as 
in-situ monitoring of the plasma process. In either case the 
plasma can be terminated When one or more of the RF 
Fourier components reaches pre-determined limits. 

Unfortunately, When problems occur in the plasma reactor 
due to undesired changes in input parameters, such as 
changes in gas ?oW rate, the RF sensor as previously 
described can only determine that a fault has occurred, i.e., 
it cannot determine the exact fault mechanism or faulty 
component. 

There is a need, therefore, for an improved method for 
fault identi?cation on plasma processing chambers. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a method of 
fault classi?cation in a plasma process chamber poWered by 
an RF source, comprising the steps of: 

a) running a plurality of different baseline processes on 
the chamber, 

(b) in respect of each baseline process, determining the 
magnitudes of a plurality of Fourier components of 
delivered RF poWer and storing the magnitudes as 
reference data for that baseline process, and 

c) When a fault is to be classi?ed, repeating at least one of 
the said baseline processes according to a predeter 
mined decision tree to classify the fault by comparing 
the current magnitudes of the said Fourier components 
With the corresponding reference data. 

In the present speci?cation a baseline process is a plasma 
process With pre-determined values for the process input 
parameters. It is therefore a datum from Which inferences 
regarding the plasma process may be draWn. 
An embodiment of the invention involves the mainte 

nance of a set of baseline impedance ?ngerprints for a given 
plasma chamber. This set includes an impedance ?ngerprint 
of the chamber running a typical process recipe. Also 
included is an impedance ?ngerprint of the chamber alone, 
Without any plasma. Also included is a ?ngerprint of the 
plasma chamber running an inert gas plasma. All of these 
impedance ?ngerprints includes a set of electrical signals 
associated With the RF poWer delivery. They may include 
RF fundamental and Fourier components of voltage, current 
and phase and derived impedance. 

This set of impedance ?ngerprints is recorded and main 
tained regularly. When a fault occurs on the chamber, a 
systematic approach to fault ?nding is employed. Each 
individual impedance ?ngerprint is retaken as necessary and 
compared to each of the baseline impedance ?ngerprints. 
The approach alloWs the user to classify the fault as either 
a hardWare component, or a process component. 
The invention therefore provides a technique that alloWs 

an operator to diagnose the cause of a fault, or at least 
eliminate a large number of probable causes, Which Would 
otherWise prove costly to investigate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention Will noW be described, 
by Way of example, With reference to the accompanying 
draWings, in Which: 

FIG. 1 depicts a typical plasma process chamber; 
FIG. 2 shoWs a baseline impedance ?ngerprint; 
FIG. 3 shoWs a baseline impedance ?ngerprint against a 

fault impedance ?ngerprint; 
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FIG. 4 is a How diagram of the method in accordance With 
the present embodiment; and 

FIG. 5 shows hoW the method of FIG. 4 is applied to 
chamber difference resolution. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 shoWs a typical plasma process reactor. It includes 
a plasma chamber 1 containing a Wafer or substrate 2 to be 
processed. A plasma is established and maintained Within 
the chamber by an RF poWer source 3. This source generally 
has real output impedance Which must undergo a transfor 
mation to match that of the complex plasma load. This is 
done via match netWork 4. PoWer is coupled to the plasma 
chamber, typically by capacitive coupling, through an elec 
trode 8. HoWever, the invention also applies to systems that 
have more than one capacitive electrode, those that are 
inductively coupled or transformer coupled, helical/helicon 
Wave systems and electron-cyclotron resonance systems. 
Process gases are admitted through gas inlet 7 and the 
chamber is maintained at a desired process pressure by 
removing process gases and by-products through gas 
exhaust line 10 using pump 11. The plasma permits effective 
manufacture of for example, semiconductor devices. Gases 
such as C12, used to etch silicon and metal, for example, are 
converted into reactive and ioniZed species. Etching of the 
very ?ne geometry used to fabricate semiconductor devices 
is made possible by the reactive gases, ions and electrons of 
the plasma. 

The Wafer is processed according to some recipe, Which 
is controlled by the chamber operator. This recipe includes 
input parameter settings such as process gas types and ?oW 
rates, chamber pressure, substrate/Wall temperatures, RF 
poWer settings on one or more poWer generators, recipe 
time, inter-electrode spacing, etc. This is the case for all 
plasma processing tools, such as etch, deposition, etc. The 
Wafer Will undergo very many plasma process steps before 
completion. Each step contributes to the overall product 
yield; a fault at any one step may destroy potential product. 

Referring again to FIG. 1, an RF sensor 5 is used to 
measure the voltage and current of the RF electrical poWer 
signal in the complex post-match electrical line. A Fourier 
Transform is performed in data collection electronics 6 using 
a sampling technique Which extracts the Fourier components 
of the voltage and current and the phase angle betWeen these 
vectors. This data sampling should have suf?ciently high 
resolution to determine Fourier components (in this embodi 
ment the ?rst ?ve including the fundamental) across a very 
large dynamic range (90 dB) With phase resolution of up to 
0.001 degree. Suitable techniques for high resolution sam 
pling and measurement of Fourier components are described 
in Us. Pat. No. 5,808,415. The output of the data collection 
electronics 6 is connected to a controller 12 Which may be 
a computer or other system Which uses the signals to yield 
information about and/or control the plasma process. 

The Fourier components are very sensitive to plasma 
events. FIG. 2 shoWs the magnitudes of voltage, current and 
phase of the delivered RF poWer at the fundamental and four 
higher harmonics for a typical plasma process. Such a set of 
data is referred to herein as an “impedance ?ngerprint”. In 
the present embodiment, three different baseline plasma 
processes are run on the chamber 1 using a test Wafer in each 
case and, in respect of each such process, the corresponding 
impedance ?ngerprint is determined and stored as reference 
data for that process by the electronics 6 and controller 12. 

Firstly, a baseline process is run using a typical process 
recipe. In particular, the same gases are included as those 
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4 
used in the production run for Which the chamber is cur 
rently being used or intended to be used. The exact ?oW rates 
are not important, only that the baseline process alWays uses 
the same ?oW rates each time it is run. This is referred to as 
the full process baseline. In the case of an oxide etch 
process, for example, this may involve running plasma 
poWer (Which may include a plurality of poWer sources), 
maintaining the chamber at a selected process pressure, and 
running gases such as O2, CHF3, CF4 etc. All process inputs 
are ?xed for this baseline. Secondly, a baseline process is run 
using an inert gas plasma only, such as helium. This is 
referred to as the inert plasma baseline. Finally, a baseline 
process is run in Which very loW poWer is delivered to an 
evacuated chamber so that no plasma ignites. This is referred 
to as the plasma-less chamber baseline. In each case the 
respective baseline impedance ?ngerprint is determined and 
stored as reference data. The test Wafer may be a polysilicon 
Wafer in each case, but the baseline processes may be carried 
out With other substrates or indeed no substrate. 

A Wafer fabrication process typically involves running 
entire batches of Wafers With similar plasma process recipes 
to ensure reliable volume production. If the plasma process 
on each Wafer is the same, then the measured Fourier 
components Will re?ect this. Any change in the plasma 
process Will be registered by change(s) in the Fourier 
components. FIG. 3 shoWs a typical impedance ?ngerprint 
taken folloWing a fault condition compared to the baseline 
impedance ?ngerprint taken under normal conditions. A 
change is apparent. 
The use of the baseline impedance ?ngerprints for fault 

classi?cation Will be described With reference to the decision 
tree shoWn in FIG. 4. The starting point is the running of the 
three different baseline processes on the plasma chamber 1 
and the storage of their respective impedance ?ngerprints, 
step 20, as described above. During a subsequent production 
run the plasma process is monitored for faults, steps 22 and 
24. If a fault is detected, then the full process baseline is 
repeated and the corresponding impedance ?ngerprint 
determined, step 26. The neW ?ngerprint is compared With 
the original full process ?ngerprint taken at step 20 by 
comparing the current magnitudes of the Fourier compo 
nents With their original values, step 28. If no signi?cant 
change is detected, the plasma has not changed, and the test 
Wafers or metrology tool are determined to be at fault, step 
30, and the production process is resumed, step 32. In this 
connection, a change is signi?cant if it is outside the normal 
variance of the baseline repeated several times in a healthy 
chamber condition. If any one component is outside its 
normal variance (typically using 3-sigma, Which represents 
a 98% con?dence limit) the baseline is considered to have 
changed. 

If a signi?cant change is detected at step 28, the plasma 
less chamber baseline is repeated and the corresponding 
impedance ?ngerprint determined, step 34, and compared to 
the original plasma-less chamber baseline ?ngerprint, step 
36. If a signi?cant change is registered, then the chamber 
hardWare is inferred to have changed, step 38. By reference 
to the electrical design of the chamber, step 42, the fault can 
be traced and ?xed, step 32. Note that other inputs such as 
process poWer, gas ?ows, pressure, etc., are not suspects so 
need not be tested, saving considerable time. 

If no signi?cant change is registered at step 36, the 
hardWare is inferred to be good, and rather the plasma 
impedance is inferred to have changed, step 44. The load 
poWer is calculated as IVCos (I), step 46, and compared to 
its original baseline value, step 48. If a signi?cant change is 
recorded, the match unit or RF poWer generator are inferred 
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to have changed, step 50. If the power is unchanged at step 
48, the inert plasma baseline is repeated and the correspond 
ing impedance ?ngerprint determined, step 52, and com 
pared to the original inert plasma baseline ?ngerprint, step 
54. If a signi?cant change is recorded, it is inferred that the 
plasma has changed, step 56, and chamber pressure, vacuum 
integrity, inert gas How are checked, step 58. If no signi?cant 
change in inert impedance ?ngerprint is recorded then it is 
inferred one of the reactive gas components has changed, 
step 60, and they are individually checked, step 62. 

Recording each of the impedance ?ngerprints is very 
rapid, so that the user can very quickly determine What class 
of fault has occurred, thereby eliminating a host of possible 
fault conditions Which Would otherWise need to be checked. 

The method can also be used as a health check for RF 
plasma chambers folloWing any scheduled doWntime, for 
eXample preventative maintenance (PM) cycles. In many 
cases, the quali?cation of the chamber prior to hand-over to 
production is delayed by problems introduced during the 
PM. Thus, the three initial baseline processes Would be 
performed before the scheduled doWntime, and then the 
method of FIG. 4 performed after the doWntime to detect 
and classify any faults. 

The method of FIG. 4 can also be used to compare tWo 
different chambers to solve inter-chamber differences. This 
can be a very costly issue in the production environment. 

Ideally, all plasma tools running the same process should 
yield identically. HoWever, small differences from tool to 
tool can mean different yield from each tool. In Worst cases, 
processes have to be customised for individual chambers. 
Again, because of the dearth in control monitors, these 
differences cannot readily be solved. 

By using the method described herein, the user can 
determine in What class the differences lie. For example, 
hardWare differences Will shoW up When comparing the 
plasma-less impedance of chambers. FIG. 5 shoWs a com 
parison of four plasma chambers, Where real impedance V/I 
Cos Q, imaginary impedance V/I Sin Q and phase, Q, are 
displayed for each chamber. In this case chamber #2 has a 
different yield and the problem is apparent as a different 
plasma impedance. In this case, this difference Was traced to 
hardWare rather than process inputs, and a ?X Was rapidly 
found. 

To use the method of FIG. 4 for comparing tWo different 
chambers, step 20 is carried out on one of tWo chambers to 
be compared and steps 26 onWards are performed on the 
second of the tWo chambers to be compared. Steps 22 and 
24 are not applicable. 

It is to be understood that the impedance ?ngerprints are 
not limited to the measurement of 15 Fourier components as 
described. Any number can be used, provided that there is a 
sufficient number of independent components to adequately 
classify the plurality of process inputs. 

It should also be understood that a test Wafer may not be 
necessary. The baseline processes may be run on an alter 
native substrate or With no substrate. Furthermore, it is also 
possible to run the baseline processes on a product Wafer. 

It should also be understood that the entire process may or 
may not be automated in softWare. The technique as 
described is performed in step-Wise fashion. HoWever, it is 
possible to automate the entire routine, from collecting the 
initial baseline data to reporting faults. 

Although the embodiment described in FIG. 1 is that of a 
capacitively coupled or Reactive Ion Etch (RIE) 
con?guration, the invention can be used in any RF plasma 
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con?guration. Also, although described for a semiconductor 
process, the invention can be applied to any plasma process, 
including the fabrication of ?at panel displays, optical 
components, memory devices and any other process utilis 
ing plasma. 
The invention is not limited to the embodiment described 

herein Which may be modi?ed or varied Without departing 
from the scope of the invention. 
What is claimed is: 
1. A method of fault classi?cation in a plasma process 

chamber poWered by an RF source, comprising the steps of: 
(a) running a plurality of baseline processes of different 

types on the chamber, 
(b) in respect of each said baseline process, determining 

the magnitudes of a plurality of Fourier components of 
delivered RF poWer and storing the magnitudes as 
reference data for that baseline process, and 

(c) When a fault is to be classi?ed, repeating more than 
one of the said baseline process types according to a 
predetermined decision tree to classify the fault by 
comparing the current magnitudes of the said Fourier 
components With the corresponding reference data. 

2. A method of fault classi?cation in a plasma process 
chamber poWered by an RF source, comprising the steps of: 

(a) running a plurality of baseline processes of different 
types on the chamber, 

(b) in respect of each said baseline process, determining 
the magnitudes of a plurality of Fourier components of 
delivered RF poWer and storing the magnitudes as 
reference data for that baseline process, 

(c) When a fault is to be classi?ed, repeating at least one 
of the said baseline process types according to a 
predetermined decision tree to classify the fault by 
comparing the current magnitudes of the said Fourier 
components With the corresponding reference data, and 

Wherein steps (a) and (b) are performed prior to scheduled 
doWntime of the chamber and step (c) is performed 
after the scheduled doWntime and prior to a production 
run. 

3. A method of fault classi?cation in a plasma process 
chamber poWered by an RF source, comprising the steps of: 

(a) running a plurality of baseline processes of different 
types on the chamber, Wherein the baseline processes of 
different types comprise a ?rst baseline process includ 
ing the same gases as those used in a production run for 
Which the chamber is used, a second baseline process 
running an inert gas plasma, and a third baseline 
process running at suf?ciently loW poWer that no 
plasma ignites, 

(b) in respect of each said baseline process, determining 
the magnitudes of a plurality of Fourier components of 
delivered RF poWer and storing the magnitudes as 
reference data for that baseline process, and 

(c) When a fault is to be classi?ed, repeating at least one 
of the said baseline process types according to a 
predetermined decision tree to classify the fault by 
comparing the current magnitudes of the said Fourier 
components With the corresponding reference data. 

4. A method of comparing tWo plasma process chambers 
poWered by an RF source, comprising the steps of: 

(a) running a plurality of baseline processes of different 
types on one of the chambers, 

(b) in respect of each said baseline process, determining 
the magnitudes of a plurality of Fourier components of 
delivered RF poWer and storing the magnitudes as 
reference data for that baseline process, 
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(c) running at least one of the said baseline process types 
on the other chamber according to a predetermined 
decision tree to classify any differences betWeen the 
chambers by comparing the current magnitudes of the 
said Fourier components With the corresponding refer 
ence data, and 

Wherein steps (a) and (b) are performed prior to scheduled 
doWntime of the chamber and step (c) is performed 
after the scheduled doWntime and prior to a production 
run. 

5. A method of comparing tWo plasma process chambers 
poWered by an RF source, comprising the steps of: 

(a) running a plurality of baseline processes of different 
types on one of the chambers, Wherein the baseline 
processes of different types comprise a ?rst baseline 
process including the same gases as those used in a 
production run for Which the chamber is used, a second 
baseline process running an inert gas plasma, and a 
third baseline process running at sufficiently loW poWer 
that no plasma ignites, 

(b) in respect of each said baseline process, determining 
the magnitudes of a plurality of Fourier components of 
delivered RF poWer and storing the magnitudes as 
reference data for that baseline process, and 

(c) running at least one of the said baseline process types 
on the other chamber according to a predetermined 
decision tree to classify any differences betWeen the 
chambers by comparing the current magnitudes of the 
said Fourier components With the corresponding refer 
ence data. 

6. A computer-readable storage medium bearing program 
code adapted in execution on a computer to perform the 
folloWing steps on a plasma process chamber poWered by an 
RF source: 

(a) run a plurality of baseline processes of different types 
on the chamber, 
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(b) in respect of each said baseline process, determine the 

magnitudes of a plurality of Fourier components of 
delivered RF poWer and store the magnitudes as refer 
ence data for that baseline process, 

(c) When a fault on the chamber is to be classi?ed, repeat 
at least one of the said baseline process types according 
to a predetermined decision tree to classify the fault by 
comparing the current magnitudes of the said Fourier 
components With the corresponding reference data, and 

Wherein steps (a) and (b) are performed prior to scheduled 
doWntime of the chamber and step (c) is performed 
after the scheduled doWntime and prior to a production 
run. 

7. A computer-readable storage medium bearing program 
code adapted in execution on a computer to perform the 
folloWing steps on a plasma process chamber poWered by an 
RE source: 

(a) run a plurality of baseline processes of different types 
on the chamber, Wherein the baseline processes of 
different types comprise a ?rst baseline process includ 
ing the same gases as those used in a production run for 
Which the chamber is used, a second baseline process 
running an inert gas plasma, and a third baseline 
process running at suf?ciently loW poWer that no 
plasma ignites, 

(b) in respect of each said baseline process, determine the 
magnitudes of a plurality of Fourier components of 
delivered RE poWer and store the magnitudes as ref 
erence data for that baseline process, and 

(c) When a fault on the chamber is to be classi?ed, repeat 
at least one of the said baseline process types according 
to a predetermined decision tree to classify the fault by 
comparing the current magnitudes of the said Fourier 
components With the corresponding reference data. 


